Potato (Solanum tuberosum ssp. tuberosum L.) is the fourth most important food crop worldwide after wheat, maize and rice. Breeding for virus resistance, a major component of most breeding programs is generally regarded as being the best strategy for long-term virus control. Nine potato cultivars were mechanically inoculated by potato virus Y (PVY) and potato virus X (PVX) at seedling stage. The symptoms were observed for each virus after one month of inoculation and the infected potato plants were categorized according to the degree of infection to resistant and susceptible depend on results of DAS-ELISA technique. Genetic analysis by SDS-PAGE of the nine potato cultivars showed some unique and distinctive protein bands in the resistant which disappeared in the PVY-susceptible plants and controls. The analyses revealed seven new induced bands under PVY and PVX infection. Cara, Lady Rosetta and Diamond displayed the highest number from biochemical markers in PVY and PVX resistant potato cultivars, while (Spunta, Hermine and Hermes) and (Spunta, Burren and Nicola) showed the lowest numbers in PVY and PVX resistant potato cultivars, respectively. Peroxidase isozyme (PRX) analysis displayed four and two isozyme markers in PVY and PVX resistant potato cultivars, respectively. RAPD analyses using four random primers revealed 36 polymorphic of a total of 55 amplified fragments with 65% under PVY and PVX infections. The potato cultivars revealed 17 and 12 specific markers for PVY and PVX-resistance with a total average of 31 and 26%, respectively. Spunta and Diamond revealed the highest number with six markers, followed by Lady Rosetta and Cara with five and Hermes with four for PVY resistance. For PVX resistance, Lady Rosetta and Spunta revealed the highest number with six markers, followed by Cara and Diamond with three. These new introduced protein bands, as well as peroxidase isozymes bands as biochemical markers and RAPD analysis could be used as marker-assisted selection in breeding programs for resistance against PVY and PVX infection.
Introduction
Potato (Solanum tuberosum L.) is the fourth most important food crop worldwide after wheat, maize and rice (Hawkes, 1990) . Annual production is estimated as 311 million metric tons (Mt) and potential production could exceed 400 million tons if the diseases that reduce yield by approximately a quarter could be controlled (FAOSTAT, 2003) . As a clonally propagated crop, potato is vulnerable to pests and diseases affecting leaves, stems, roots, and tubers. Infected seed tubers transmit pathogens to the next growing season, thereby causing progressive degeneration of yield (Agrios, 1997) . The commonly cultivated potato (S. tuberosum L.) is a heterozygous autotetraploid (2n=4x=48) having 48 chromosomes and 4 genome complements (Hawkes, 1994) . A complement of the potato genome consists of 12 chromosomes having 1 x 10 9 base pairs of DNA (Ganal et al., 1990) . Potato virus Y (PVY) Potyviridae is one of the most important viruses in Solanaceae (potato, tomato, tobacco and pepper) and can reduce potato production up to 80% (De Bokx and Huttinga, 1981) . Moreover, Potato virus X (PVX) Flexiviridae occurs worldwide and reduces yields by 15% or more. One of the principal threats to potato cultivation is the susceptibility of potato to pests and diseases. Viral diseases in particular cause significant qualitative and quantitative crop losses.
Breeding for virus resistance, a major component of most breeding programs is generally regarded as being the best strategy for long-term virus control. This approach is hampered, however by the limitation of suitable sources of resistance. In the past, the introgression of genetic sources for plant resistance has been successfully applied to develop a limited number of virus-resistant cultivars. Although plant breeding for virus resistance still has great potential, there are limitations to this conventional approach.
The primary objective of this study was to select potato cultivars resistant to PVY and PVX. In addition, identify biochemical and molecular markers (RAPD-PCR) linked to the resistance loci from these cultivars that can be used for marker-assisted selection in breeding programs.
Materials And Methods

Source of PVX and PVY inoculation
PVX and PVY isolates were obtained from the Virology Lab., Agric. Microbiology Dept., Fac. of Agric., Ain Shams University which were previously isolated and identified from systemically infected potato plants (Mahfouze, 2003) .
Propagation of PVY and PVX isolates
The PVY and PVX were propagated using plants; D. metel L., and D. stramonium L., respectively. Ten plants of each were inoculated mechanically by virus then; the infected leaves were harvested after 60 days for extraction viral particals after propagation.
Screening and selection of PVY or PVX resistant potato cultivars
The nine potato cultivars were tested for potential infection with free potato viruses by DAS-ELISA technique as described by Clark and Adams (1977) . Random complete design block was used, 25 tubers from each cultivar were planted in the open field and were mechanically inoculated with PVX and PVY in seedling stage after one month from cultivation. The development of infections was recorded for each virus after 30 days. From the inoculation and the potato cultivars were categorized according to the degree of infection. The infection severity was determined by external symptoms and tested by DAS-ELISA. Potato leaves and tubers of healthy plants were collected after 30 day of inoculation respectively and stored at 4 o C for biochemical and molecular genetic marker analysis (Mahfouze et al., 2009 ).
SDS-PAGE electrophoretic analysis
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to Laemmli (1970) . Water soluble proteins were extracted from PVY and PVX-infected potato tubers as well as resistant and healthy ones the proteins are used to study the gene expression of different genotypes under the exposure to PVY and PVX infection. One ml of water soluble extraction buffer was added, centrifuged for 10 min at 12,000 rpm and the supernatant was collected. Electrophoresis was carried out at 4ºC until the bromophenol blue front passed completely through the gel. The gel was stained with silver staining method (Echt et al., 1996) . The gel was scanned using Gel Doc 2000 system and analyzed with software supplied by the manufacturer.
Peroxidase (PRX) was extracted with 1.5 ml extraction buffer (pH 8.9). Samples were centrifuged for 10 minutes at 10,000 rpm at 4° C. Polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to Stegemann (1979) . Gel preparation and enzyme staining solutions were performed according to Wendel and Weeden (1989) .
DNA isolation
Young leaves of the three ecotypes from flax were collected and soaked in liquid nitrogen for DNA extraction using the 2% CTAB method modified by (Agrawal et al., 1992) .
RAPD-PCR analysis
A total of four primers were used to amplify DNA (manufactured by Bioneer, New technology certification from ATS Korea) as shown in Table ( 1). The total reaction mixture was 15 µl contained 10× PCR buffer, 2 mM MgCl 2 , 0.2 mM dNTPs mixed, 10 pmol primer, 1.25 U Taq polymerase and about 150 ng genomic DNA. DNA amplification was obtained through 35 cycles in a DNA thermal cycler. The temperature profile was as follow: denature temperature 94°C for 30 sec.; annealing temperature 36°C for 1 min; and extension temperature 72 for 1 min, final extension at 72ºC for 5 min.
Amplification product analysis
The amplified DNA (15 μl) for all samples was electrophoresed on 1% agarose containing ethedium bromide (0.5 μg/ml) in 1X TBE buffer (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM EDTA, pH 8.3) at 75 constant volt, and determine with UV transilluminator. The size of each fragment was estimated with reference to a size marker of 100 bp DNA ladder (BioRoN, Germany).
Gel analysis
The gel analysis was applied by programme (UVI geltec version 12.4, 1999 -2005 .
Results
SDS-PAGE protein analysis of PVY-inoculated potato cultivars
SDS-PAGE profiles of total soluble proteins extracted from the PVY resistant and susceptible plants of nine potato cultivars, as well as the control is presented in Fig. (1) . SDS-PAGE analysis revealed 42 protein bands with different molecular weights (MWs) ranged from 275 to 8.5 kDa as shown in Table ( 2). The total soluble protein bands of the control potato cultivars were varied in numbers, whereas Spunta revealed the highest total number with 37 bands, while Cara displayed the lowest number with 29 bands. Six of the reminder seven cultivars displayed similar total bands, whereas Burren, Hermine, Hermes and Diamond displayed similar 35 bands and Lady Rosetta and Nicola showed similar 34 bands. The genetic analysis of the nine potato cultivars showed some protein bands in the controls, which disappeared under PVY-infected plants either as resistant or as susceptible. For example, Spunta and Diamond revealed the highest number of uninfected bands with six bands, while Draga displayed the lowest number with one band. However, the residual potato cultivars were intermediary between the high and low numbers of uninfected bands (Table 2) . Under PVY infection, seven bands appeared in the resistant and susceptible plants of seven cultivars and disappeared in controls. For instance, Hermine and Cara showed five and two bands, respectively and the other five cultivars showed one band. The band of 30 kDa was more frequently that appeared in four cultivars; Lady Rosetta, Spunta, Hermine and Draga, followed by band with 8.5 kDa in three cultivars; Cara, Hermine and Hermes.
On the other hand, seven protein bands were newly induced in PVY the resistant plants of the nine potato cultivars, where they disappeared in controls and in the susceptible plants. Lady Rosetta revealed the highest number of induced proteins with four bands (81.5, 45, 25.5 and 12.5 kDa), followed by three cultivars; Burren, Cara and Diamond with three bands. Draga and Nicola were induced two bands with different MWs and the remaining three cultivars; Hermes, Hermine and Spunta induced one band with different molecular weight ( Table 2 ). Such newly induced bands could be used as resistant protein markers for PVY resistant potato cultivars in breeding programs. 
R= Resistant
SDS-PAGE protein analysis of PVX-inoculated potato cultivars
SDS-PAGE profiles of total soluble proteins extracted from the resistant and susceptible plants of nine potato cultivars and the control is presented in Fig. (1) . SDS-PAGE analysis revealed 42 protein bands with different MWs ranged from 275 to 8.5 kDa as shown in Table ( 2). The total soluble protein bands of the nine healthy potato cultivars were varied in numbers, whereas Spunta revealed the highest total number with 37 bands, while Cara displayed the lowest number with 29 bands. Six of the reminder seven cultivars displayed similar total bands, whereas Burren, Hermine, Hermes and Diamond displayed similar 35 bands and Lady Rosetta and Nicola showed similar 34 bands. The genetic analysis of the nine potato cultivars showed some protein bands in the controls, which disappeared under PVX-infected plants either as resistant or as susceptible. For example, Spunta revealed the highest number of uninfected bands with seven bands, while Hermes displayed the lowest number with two bands. However, the residual potato cultivars were intermediary between the high and low numbers of uninfected bands (Table 2) . Under PVX infection, three bands appeared in the resistant and susceptible plants of seven cultivars and disappeared in the uninfected plants (controls). For instance, Draga showed two bands and the other four cultivars (Burren, Cara, Nicola and Hermes) showed one band. The band of no.9 was more frequently that appeared in four cultivars; Cara, Nicola, Hermes and Draga while, Lady Rosetta, Spunta and Hermine showed no bands.
On the other hand, 20 protein bands were newly induced under PVX infection in the resistant plants of the nine potato cultivars, where they disappeared in the controls and in the susceptible plants. Based on the induced bands, Lady Rosetta and Diamond revealed the highest number of induced proteins with four bands; (275, 81.5 45, and 30 kDa) and (81.5, 46.5, 12.5 and 9.5 kDa), respectively followed by three cultivars Hermine, Herms and Draga with two bands. With different molecular weights and the remaining three cultivars; Spunta Burren and Nicola induced one band with different molecular weight (Table 2) . Such newly induced bands could be used as resistant protein markers for PVX potato resistant cultivars in breeding programs. Table 4 . RAPD amplified bands, polymorphic bands and markers for resistance to PVY using four random primers in five potato cultivars.
Peroxides isozyme (PRX) analysis of PVY-inoculated potato cultivars
PRX analysis displayed a total of 15 bands, whereas eight of them were variable among the PVY resistant and susceptible plants of the nine potato cultivars, as well as the control as presented in the zymogram (Fig 2 and Table 3 ). The effect of PVY-infection could be observed among some of the eight peroxidase bands, whereas band number 1 disappeared in the control plants and appeared in both of the resistant and susceptible plants of two cultivars; Lady Rosetta and Herms. In contrast, two peroxidase bands with number 4 (in Nicola) and 8 (in Spunta and Burren) were detected in the healthy plants and were absent in both resistant and susceptible plants. On the other hand, four isozyme bands were appeared only in the resistant plants and disappeared in both susceptible and controls. Whereas, band No. 1 appeared in the resistant plants of (Nicola, Burren and Cara) and band number 7 in Diamond, as well as in the above-mentioned three cultivars. The other two new appeared bands with numbers 10 and 14 were existed in the resistant plants of Hermine, while number 10 appeared in Draga (Fig. 2 and Table 5 . RAPD amplified bands, polymorphic bands and markers for resistance to PVX using four random primers in five potato cultivars.
Peroxides isozyme (PRX) analysis of PVX-inoculated potato cultivars
PRX analysis displayed a total of 15 bands, whereas eight of them were variable among the PVX resistant and susceptible plants of the ten potato cultivars, as well as the control as presented in the zymogram (Fig 2 and Table 3 ). The effect of PVX-infection could be observed among some of the ten peroxidase bands, whereas band number six disappeared in the control plants and appeared in both of the resistant and susceptible plants such as Cara, band number 7 reveal in two cultivars; Spunta and Nicola and band number 10 in Hermine, Cara and Draga In contrast, three peroxidase bands with number 2, 5 and 15 (in Diamond) ,two bands number (4 and 8) and (4 and 10) in Burren and Herms, respectively and one band appeared in Lady Rosetta (number 10), Nicola (number 2) and Cara (number 5) were detected in controls plants and were absent in both resistant and susceptible plants. On the other hand, two isozyme bands were appeared only in the resistant plants and disappeared in both susceptible and controls plants. Whereas, band No.1 appeared in the resistant plants of (Spunta and Burren) and band number 6 in Lady Rosetta and Burren (Fig 2 and Table 3 ). However, two bands with No. 1 and 8 appeared in the susceptible plants of Herms and Nicola and disappeared in control and resistant plants of the two cultivars and one band in Hermine (number 7) and Diamond (number 8). Such new peroxidase bands may regard as related to the resistance of PVX in some potato cultivars. However, two bands with numbers 8 and 15 in Lady Rosetta and band No. 8 in Spunta were absent in the resistant plants and existed in both control and susceptible plants.
RAPD analyses of PVY-inoculated cultivars using four random primers
Four random primers; OPT-20, OPD-11, 2-19 and 2 were used in random amplified polymorphic DNA (RAPD) analysis in PVY resistant five potato cultivars. A total of 55 scorable amplified DNA fragments ranging in size from 99 to 1320 bp were observed using the four primers, whereas 36 fragments were polymorphic and the other amplified fragments were commonly detected among the five potato cultivars under PVY infection (Figs. 3, 4 and Table 4 ). The four primers; OPT-20, OPD-11, 2-19 and 2 showed mean polymorphic percentage 65%, whereas the polymorphic percentage of primer OPT-20 recorded the highest percentage (77%), while primer-2 displayed the lowest percentage (55%). The other two primers 2-19 and OPD-11 showed polymorphic percentages with 69 and 67%, respectively. The data in Table (4) shows the total numbers of amplified fragments, polymorphic fragments generated by the four RAPD primers under PVY infection and the specific markers linked to PVY-resistance in the five potato cultivars. Among the 36 polymorphic bands, 17 bands were specific markers to the resistance of PVY with a total average of 31%. It is interesting to note that, the five potato cultivars were varied considerably in their PVY-resistant markers using the four primers, whereas Spunta and Diamond revealed the highest number with six markers, followed by Lady Rosetta and Cara with five markers, while Hermes revealed four markers ( Polymorphic = 61% 26% * P = Number of polymorphic bands with polymorphic percentages. ** Total = Total number of amplified fragments. + = Presence of marker band.
Figue1. Continued.
Figure2. Peroxidase (PRX) isozyme profile of the control, resistant and susceptible plants of nine potato cultivars infected with PVY and PVX. C= control, R= resistant and S= susceptible.
Figure1. SDS-PAGE of total soluble protein fraction extracted from the leaves of nine potato cultivars under PVY and PVX infections. Lane M= Protein marker (kDa) with molecular weights; 200, 150, 120, 100, 85, 70, 60, 50, 40, 30, 25, 20, 15 and 10 kDa. C= control, R= resistant and S= susceptible.
Figure3. RAPD-PCR amplified products of the five potato cultivars under PVY and PVX infections using two primers; OPT-20 and 2-19.
RAPD analyses of PVX-inoculated potato cultivars using four random primers
A total of 55 scorable amplified DNA fragments ranging in size from 99 to 1320 base pairs were observed using the four primers, whereas 36 fragments were polymorphic and the other amplified fragments were commonly detected among the five potato cultivars under PVX infection (Figs. 3, 4 and Table 5 ). The four primers; OPT-20, OPD-11, 2-19 and 2 showed mean polymorphic percentage 61%, whereas the polymorphic percentage of primer OPD-11 recorded the highest percentage (75%), while primer 2 displayed the lowest percentage (47%). The other two primers OPT-20 and 2-19 showed polymorphic percentages with 69 and 63%, respectively.
The data in Table (5) shows the total numbers of amplified fragments, polymorphic fragments generated by the four RAPD primers under PVX infection and the specific markers linked to PVX-resistance in the five potato cultivars. Among the 28 polymorphic bands, 12 bands were specific markers to the resistance for PVX with a total average of 26%. It is interesting to note that, the five potato cultivars were varied considerably in their resistant markers using the four primers, whereas Lady Rosetta and Spunta revealed the highest number with six markers, followed by Cara and Diamond with three markers, while Hermes revealed two markers (Table 5) .
Conclusion
As a general conclusion from the aforementioned results, the biochemical markers, such as the proteins and isozymes and the molecular RAPD marker analysis are considered good molecular markers for PVY and PVX resistance in potato. The results confirmed that such techniques could be used as marker assisted selection (MAS) in potato breeding programs to predict for the most resistant cultivars which can be used in breeding programs.
Discussion
Changes and alterations of protein synthesis included products synthesized by either the host cell, the invading virus or by both. The out come of viral and (or) cellular protein are depended up on many factors. However, these results are affected primarily by the virus host cell interactions. Total soluble proteins decrease in virus-infected plants (Leal and Lastra, 1984) . The protein synthesis of certain host protein increases dramatically as part of general physiological response to infection and other pathogens induce similar alteration in the host protein profile (Comacha and Sanger, 1982, Sherif and El-Dougdoug, 2000) . Gene for tobacco b-protein has recently been cloned (Parant and Asselin, 1984) . Subsequently, de novo synthesis of m-RNA of b-protein in infected tobacco by tobacco mosaic virus. Furthermore, probing of tobacco genomic DNA with c-DNA clones specific to b-proteins identified that b-proteins are coded by family of genes and it has been suggested that, these proteins play a role in induced resistance to subsequent viral (Parant and Asselin, 1984) and that, the b-protein are interferon like (Gianinazi et al., 1980) . Related pathogen-protein index (RP-protein index) could be used to identify detection and monitor the presence of many plant pathogens like viroid, virus, mycoplasma, bacteria and fungi in plant extracts using SDS-PAGE. Thus providing a rapid method for identifying and suitable for large scale of identification, isolation, separation and diagnosis. The data in Table ( 3) that represent the peroxidase enzyme polymorphism among the nine potato cultivars could be served as a model for analyzing the gene action at different biotic stress, such as PVY and PVX infection. Therefore, the results of peroxidase enzyme were in an agreement with Hernández (2001) who indicated that activated oxygen species (AOS) may function as molecular signals in the induction of defense genes. They examined the response of antioxidative enzymes to Plum pox virus (PPV) in two apricot (Prunus armeniaca L.) cultivars, which behaved differently against PPV infection. They observed a decrease in catalase (CAT), as well as an increase in superoxide dismutase (SOD) and dehydroascorbate reductase (DHAR) activities in the inoculated resistant cultivar, while ascorbate peroxidase (APX), glutathione reductase (GR) and monodehydroascorbate reductase (MDHAR) did not change significantly in relation to non-inoculated (control) plants. In the susceptible cultivar, inoculation with PPV brought about a decrease in CAT, SOD and GR, whereas a rise in APX, MDHAR and DHAR activities was found in comparison to non-inoculated plants (control). They suggested an important role for H 2 O 2 in the response to PPV of the resistant cultivar.
Figure4. RAPD-PCR amplified products of the five potato cultivars under PVY and PVX infections using two primers; OP-D11 and primer 2.
The results of Dolenc et al., (2000) supported our finding in the present study, where the authors showed that the infection of potato plants with PVY NTN leads to alterations in the shoot apical meristem structure and mitotic activity. These changes are, in turn, reflected in altered overall morphology of the infected plant. In comparison to intact plants of the potato (S. tuberosum L.) cv. Igor, mock inoculation with the sap of healthy plants induced changes in peroxidase activity which could be distinguished from the changes induced by potato virus Y NTN infection. This activity increased while that of covalently-bound peroxidase decreased, even in green leaves of infected plants which were visibly unchanged, as well as in green leaves with local lesions (Milavec et al., 2001) . Moreover, gene expression in the disease response of the susceptible potato (S. tuberosum L.) cultivar Igor was investigated at different times after infection, using subtractive hybridization, cDNA microarrays and real-time PCR. The most pronounced change in the expression pattern of functionally diverse groups of genes was detected in systemically PVY NTN infected leaves 14 days after inoculation, and in leaves of plants grown from infected tubers. The expression of several stress-related genes during the infection process, including those for heat shock proteins, catalase 1, β-1,3-glucanase, wound inducing gene and genes involved in photosynthesis, suggests their role in the susceptible potato-PVY NTN interaction (Pompe et al., 2006) . In addition, proteins and isozyme polymorphisms are good indicators of response to biotic and abiotic stresses (Doebley, 1989) .
This study is identified 17 and 12 RAPD markers associated with resistance to PVY and PVX, respectively. Therefore, the efficiency of these markers will help for accelerated breeding resistant cultivars through early selection and could be used for marker assisted selection (MAS) for more efficient selection of resistant cultivars against the two viruses. However, RAPD markers are sensitive to modifications in PCR reaction conditions, resulting in poor reproducibility (Jones et al., 1997) . Moreover, primers utilized in RAPD analysis usually anneal with multiple sites in different regions of the genome, producing multiple amplification products that often contain repetitive DNA sequences (Paran and Michelmore, 1993) . RAPD markers are dominant and heterozygotes cannot be distinguished from dominant homozygotes. To overcome the problems associated with RAPD analysis and to improve their utility in MAS application, RAPD markers can be converted into Sequence Characterized Amplified Region (SCAR) markers which are generally allele specific, and their amplification is much less sensitive to reaction conditions. A SCAR marker is developed by cloning and sequencing the ends of the amplified RAPD product, generating extended primers specific to the targeted sequences, and amplifying DNA samples under higher stringency conditions. They can be developed as dominant markers that generate a single condition of presence or absence, or as potentially codominant markers. This strategy has been widely and successfully used to develop markers for various traits in a number of crops, such as in tomato (Ohmori et al., 1996; Zhang and Stommel, 2001 ) and in Poncirus trifoliate (Deng et al., 1997) .
However, many other advanced DNA markers such as simple sequence repeat (SSR) and amplified fragment length polymorphism (AFLP) still needs to be investigated, their identification forms a basis for further studies to develop more markers with high association to PVY and PVX in that the inclusion of additional markers based on sequenced data such as expressed sequence tag (ESTs) converted to PCR-based markers, would provide better coverage of the genome and increase their usefulness in gene tagging and MAS of resistance and other traits of agronomic importance. This was agreed with Agrama et al., (2004) who reported that RAPD markers may help to resolve the chromosomal position of the gene and reduce the cost of identifying genetic markers and allow large-scale genotyping of individuals at any locus. In addition, the results of RAPD analysis were confirmed in many potato reports, whereas many molecular markers have been found for diagnostic for the presence of Ry, Rx and Ns resistant genes. For instant, Marczewski et al., (1998) identified four RAPD markers linked to a dominant gene Ns, responsible for a hypersensitive reaction of potato (S. tuberosum L.) to Potato virus S (PVS) infection. Cloning and sequencing of the RAPD fragments will provide opportunities for the creation of SCARs, which will be the first step towards improvement of potato through markerassisted selection of virus resistant lines. Kasai et al., (2000) developed based on nucleotide differences within resistance gene like fragments isolated from a potato plant carrying the Ry adg gene. Twelve AFLP markers linked to Ry sto were selected and applied to 106 tested potato cultivars from Germany, Netherlands and Poland (Song et al., 2005) .
